SUMMARY One hundred and six consecutive patients with valvular heart disease, in whom valve surgery was considered on clinical grounds, were studied prospectively to assess how frequently and accurately the need for valve surgery and the operation required could be specified on non-invasive grounds alone. All patients were assessed non-invasively using clinical details (history and examination), the electrocardiogram, chest x-ray film, and M-mode echocardiography; two dimensional echocardiography was also performed in 65 patients. On the basis of this non-invasive assessment alone the patients were assigned to group A if a definite surgical recommendation, including the operation required, could be made, or group B if catheterisation was judged necessary before such a recommendation could be made. After they had been assigned to group A or B all patients were catheterised. There were 62 patients in group A; subsequent catheterisation and surgical findings confirmed that the surgical recommendation based on the non-invasive findings was correct in all patients. In 16 of these patients the surgeon was requested to operate on a specified valve or valves and also asked to inspect a further valve or valves about which there was some doubt. In only six of these patients did the subsequent catheter resolve this doubt before operation. The remaining 44 patients were placed in group B. The most frequent reason for catheterisation was doubt about severity of the valve lesion (24 patients). Such doubt was significantly more frequent in aortic or combined aortic and mitral valve then in mitral valve disease. Nine of the 24 patients had echocardiograms which were interpreted as showing that valve disease was definitely mild, and in all nine subsequent catheterisation proved this correct; therefore, the experience gained from this study suggests that catheterisation was unnecessary in these patients. The other 20 patients in group B were catheterised because of diagnostic doubt introduced by coexistent severe respiratory disease (eight patients), to assess the extent of suspected severe lesions in asymptomatic patients (four patients), or to assess suspected associated non-valvular lesions (eight patients) such as poor left ventricular function or abnormal aortic anatomy.
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Therefore, catheterisation was not needed to establish the severity of valve disease or the valve operation required in 71 (67%) of the patients studied (all group A and the nine patients with definite echocardiographic evidence of mild disease in group B) since non-invasive assessment did this with complete accuracy.
In the last decade non-invasive cardiological investigaThe present study was carried out prospectively tion has developed rapidly. Despite this, many during the period 1978 to 1980. It was designed to centres still regard cardiac catheterisation as an examine the accuracy of recommendations for valve obligatory prelude to most valve surgery. Recently the surgery made on clinical and non-invasive grounds need for invasive investigation of all patients before alone by comparing these recommendations with valve surgery has been questioned: first in highly those made after cardiac catheterisation and with surselected patients with mitral valve diseasel 2 and sub-gical findings.
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One hundred and six consecutive patients with valve 268
Need for cardiac catheterisation in assessment ofpatients for valve surgery 3 1 Mitral stenosis 21 13 Mitral regurgitation 8 3
Mitral valve disease (mixed) 8 5 Combined mitral and aortic disease 7 6 62 44
Nine patients in group A and two in group B had additional tricuspid regurgitation.
disease were studied ( before catheterisation. In all there was comnplete agreement between this recommendation and the catheter and surgical findings. In 16 patients (Fig. 2 ) the recommendation based on precatheter data was in two parts:
(a) A definite recommendation for surgery on a particular valve or valves. In all cases this was in complete agreement with catheter and surgical findings.
(b) A second recommendation that the surgeon inspect another valve or valves and decide the need for surgery at the time of operation. Catheterisation resolved, this doubt before surgery in six of the 16 patients. Doubt remained after catheterisation in 10 patients and the final recommendation before surgery still retained a request for the surgeon to inspect a valve or valves. The reasons for this uncertainty were incomplete catheter data (one patient in whom the left ventricle could not be entered and doubt remained about both the tricuspid and mitral valves), lesions of moderate severity (two patients), and doubt as to whether tricuspid regurgitation was organic or functional (seven patients). Need for cardiac catheterisation in assessment of patients for valve surgety Coronary artery disease Thirty patients (17 in group A, 13 in group B) had either definite or possible angina (Fig. 1) . Twelve of these patients had significant coronary lesions (> 700/o obstruction of a major branch of a coronary artery).
There was no predominance of a particular valve lesion ahd sex distribution was equal. All but two patients, aged 44 and 47, were over the age of 54 years. Ten patients (five in both groups) had atypical chest pain and none had coronary lesions. Six patients (three men and three women) had clinically unsuspected coronary disease (two single vessel, three two vessel, one three vessel). All were over the age of 57 years (age range 57 to 63 years) and all had mitral valve disease. The patient with three vessel disease also had a left main coronary artery lesion; she declined surgery and died three months after catheterisation. In general, symptomatic and asymptomatic lesions were grafted at surgery though in seven patients only valve surgery was performed.
Outcome Eighty patients were judged to require valve surgery; three of those, however, refused surgery. Seventy seven patients underwent surgery, with three early deaths, occurring because of renal failure and septicaemia, early dehiscence of a mitral valve prosthesis, and unsuspected dissecting aneurysm of the ascending aorta which could not be repaired at surgery. No operative complications attributable to undiagnosed coronary disease occurred in the 26 patients in whom the coronary arteries were assessed by aortography or in the nine patients in whom the coronary arteries were not assessed (Fig. 1 vided the only accurate method for assessing the severity of valvular lesions. In addition, it has stimulated careful correlation of clinical signs and non-invasive findings with the severity of valve disease. So important have these roles been that it is still regarded as a necessary routine investigation before valve surgery in many centres. Cardiac catheterisation, however, has intrinsic disadvantages since it is time consuming, expensive, unpleasant for the patient, and may produce significant complications (three in the present study). These disadvantages and the advent of accurate non-invasive techniques, of which echocardiography is the most important, have led to reassessment of its place in preoperative assessment. In some centres it has become the practice to dispense with catheterisation in selected patients with mitral lesions' and use echocardiographic data to assess the patients' suitability for mitral valvotomy.2 Recently, Sutton et al. 3 have described excellent surgical results in a large series of patients with a wide variety of valve disease in which catheterisation was only performed in a minority of patients.
If cardiac catheterisation ceases to be a necessary preoperative procedure in a large proportion of patients with valve disease non-invasive assessment must be accurate so that surgery is safe. Such a noninvasive approach must not lead to unnecessary surgery with mild disease and if possible it must identify such patients without catheterisation. In addition, it must not deny surgery to those who need it by underestimating the severity of valve disease or result in significant associated lesions remaining uncorrected. Finally, the question of how vigorously clinically unsuspected coronary artery disease should be sought and whether its detection materially alters surgical outcome must be considered.
Both our study and that of Sutton et al. 3 show that surgery can be undertaken safely in selected patients with all types of valve disease without recourse to catheterisation. The confirmation of non-invasive predictions by surgical finding in both studies excludes the possibility that the good surgical results are produced by unnecessary surgery in patients with mild disease.
Since Sutton et al.3 studied only patients who were submitted to surgery they were unable to comment on whether a non-invasive approach correctly identifies mild disease or denies surgery to those who need it.
Our study allows us to draw conclusions on these points since we studied consecutive patients considered for surgery on clinical grounds some of whom were shown to have mild disease. There was no evidence that the non-invasive approach denies surgery to those who need it since no patient was mistakenly labelled as having mild disease. Furthermore, all nine patients definitely diagnosed as having mild disease by non-invasive means were also shown to have mild disease when catheterised. The four other patients with mild disease who required catheterisation to confirm this had either significant coexistent respiratory disease (two patients) or inconclusive or unsatisfactory echocardiograms (two patients). These results are slightly at variance with those of Alpert et al.8 who carried out a study of similar design. They found that decisions about management similar to those in the present study were correct in 97% of patients; they underestimated, however, the severity of valve lesions in seven patients, four of whom had mitral valve disease and three of whom had aortic valve disease. Several factors may be responsible for the differences in results. Firstly we had two dimensional echocardiograms in more than half our patients whereas Alpert et al.8 had to rely only on M-mode echocardiograms. Secondly in the present study there was a low threshold for recommending catheterisation if symptoms, signs, or echocardiography disagreed or if echocardiograms were of poor quality. This caution should always prevent clinically significant errors in mitral valve disease since surgery is invariably guided by symptoms. Severe symptoms regardless of echocardiographic findings constituted an indication for catheterisation in the present study. In aortic valve disease the situation is slightly different since asymptomatic patients with severe aortic valve disease are sometimes considered for surgery. This, combined with the knowledge that the physical signs and echocardiographic findings can be misleading in patients with advanced aortic valve disease,9 led to even more caution in patients with aortic valve disease of doubtful severity and the significantly higher frequency with which catheterisation was recommended in aortic valve disease compared with mitral valve disease. The Sutton et al. 3 argue convincingly that it is unlikely that significant associated lesions remained undetected in their study since the symptomatic results were so good; their data, however, do not allow a definite answer on this subject since some patients were lost to follow-up. In contrast, the present study with prospective assessment and catheterisation in all patients shows clearly that significant associated valve lesions were not overlooked in the patients in whom surgery was recommended without catheterisation. In one patient there was a clinically unsuspected lesion, a small atrial septal defect. By chance this lesion was found because the patient was catheterised to assess valve lesions that proved to be mild. The possible consequences of such a mistake are difficult to assess. The lesion might well have been detected at operation and was unlikely to have increased the risk of operation though uncorrected it might eventually have caused symptoms. In retrospect the only clue to the true diagnosis was a moderately increased right ventricular size (4 cm on the M-mode echo) which was disregarded when the non-invasive assessment was made.
Cardiac catheterisation, though often regarded as an infallible investigation, may itself be misleading or unhelpful.'0 In this study we did not encounter any misleading results except in the one patient in whom a dissecting aneurysm was missed because the angiogram was misinterpreted; it was often unhelpful, however. In 10 of the 16 patients in whom valve inspection was recommended initially subsequent catheterisation did not resolve the clinical doubt. In several patients in whom moderate valve disease was suspected before catheterisation the diagnosis remained one of moderate disease after catheterisation. Eventually the decision of whether operation was necessary or not was made on other clinical grounds, such as age, severity of symptoms in relation to employment and lifestyle, and the patients' own preferences.
The significance of clinically unsuspected coronary disease is controversial and unresolved.3 11 12 Undoubtedly there are patients with valve disease who have clinically unsuspected coronary artery disease, which on occasions is severe. There were six such patients in the present study (8% of patients undergoing surgery) all of whom had mitral valve disease; this is a somewhat lower incidence than reported in other series. ' 
